S U M M AR Y The characteristics of post-synaptic potentials in a single human motoneurone can be derived from the profiles of post-stimulus time histograms (PSTH) of that neurone when it is firing rhythmically. We have used this method to explore the synaptic connections to individual tibialis anterior motoneurones in man. Agonist group 1 volleys produced short latency excitation of 85% of tibialis anterior motoneurones probably representing the la EPSP. Excitation, at a latency of 70 ms, is attributed to a long loop reflex. Antagonist group 1 volleys produced short latency inhibition of 65% of tibialis anterior motoneurones probably representing the la IPSP. Excitation, at a latency of 97 ms, may represent spino-bulbo-spinal reflex. None of these effects are due to the excitation of cutaneous afferent nerve fibres.
S U M M AR Y The characteristics of post-synaptic potentials in a single human motoneurone can be derived from the profiles of post-stimulus time histograms (PSTH) of that neurone when it is firing rhythmically. We have used this method to explore the synaptic connections to individual tibialis anterior motoneurones in man. Agonist group 1 volleys produced short latency excitation of 85% of tibialis anterior motoneurones probably representing the la EPSP. Excitation, at a latency of 70 ms, is attributed to a long loop reflex. Antagonist group 1 volleys produced short latency inhibition of 65% of tibialis anterior motoneurones probably representing the la IPSP. Excitation, at a latency of 97 ms, may represent spino-bulbo-spinal reflex. None of these effects are due to the excitation of cutaneous afferent nerve fibres.
When a neurone is firing rhythmically, the effects of an afferent volley on that neurone can be determined from the way in which the volley alters the neurone's probability of firing. For volleys evoked by a recurrent external stimulus, these changes in probability can be expressed in the form of a post-stimulus time histogram (PSTH). The way in which the profile of the PSTH reflects the shape of the post-synaptic potential is complex (Bryant et al., 1973) and has been the subject of mathematical analysis (Knox, 1974; Knox and Poppele, 1977) and computer simulation (Knox et al., 1977) . As a first approximation, and provided that the combined slope of the synaptic potential and the spontaneous membrane potential remains positive, the PSTH profile may be considered as the first derivative of the shape of the post-synaptic potential (Knox and Poppele, 1977) . Post-synaptic potentials reconstructed from the PSTH in this way are in general accord with the findings of intracellular recordings (Knox et al., 1977) .
The firing pattern of a single human motoneurone can be extracted by identifying each occurrence of its motor unit action potential in a recording obtained with an intramuscular needle electrode (Ashby and LaBelle, 1977) . It is, therefore, possible to generate the PSTH of a human motoneurone after a variety of afferent volleys and, in this way, to derive some of the characteristics of the underlying post-synaptic potentials. The afferent connections to soleus (Ashby and and LaBelle, 1977) and to first dorsal interosseous motoneurones (Stephens et al., 1976) have been examined in this way.
This report deals with the afferent connections to human tibialis anterior motoneurones.
Methods
The method has been described previously (Ashby and LaBelle, 1977) . The subjects lay supine. Stimuli were delivered to the peroneal nerve at the head of the fibula with a bipolar surface electrode. In order to deliver an agonist group 1 afferent volley, the stimulus current was adjusted so that it was just below the level required to produce a visible contraction of the tibialis anterior. A second bipolar electrode was used to deliver stimuli to the popliteal nerve in the popliteal fossa. The density had a mean latency of 31.3 ms. This latency was correlated with the latency (mean 29 ms) to the onset of the soleus H reflex (r=0.62; P<0.01).
The mean ratio of the height of the peak of increased impulse density to the mean height of the 512 post-stimulus bins was 9.0 (indicating that there is a nine-fold increase in the probability of a motoneurone firing at this interval after the stimulus).
The mean duration of this period of increased impulse density (measured as the number of contiguous bins in the region of the peak with contents higher than the average) was 4.7 ms. In most instances, however, the peak was roughly "bell shaped" with the main increases in impulse density making up the peak restricted to the one or two central bins of the cluster.
This early period of increased impulse density was not observed in the PSTH of four tibialis motor units. The characteristics of the action potentials and the firing rates of these units were not significantly different from the others.
A period of reduced impulse density usually followed the initial peak. In 15 of the 26 units (58%) a second, smaller, peak of increased impulse density could be distinguished. This peak had a mean latency of 70 ms.
RPESPONSE OF TIBIALIS ANTERIOR MOTONEURONES TO GROUP 1 POPLITEAL NERVE VOLLEYS
Antagonist group 1 volleys resulted in a period of reduced impulse density in the PSTH of 17 (65%) of the 26 units examined (Fig. 2) (Knox, 1974; Knox and Poppele, 1977) . A description of the shape of the rising phase of the EPSP can, therefore, be obtained by integrating the PSTH (Fig. 4) Fig. 4 Description of the rising phase of the composite la EPSP produced by an agonist group 1 volley in a single human tibialis anterior motoneurone (B) obtained by integrating the initial portion of the PSTH illustrated in Fig. 1 (A) . The integral does not provide an accurate description of the falling phase of an EPSP (see text).
The mean duration of this period of increased impulse density in the PSTH of human tibialis motoneurones was 4.7 ms. This is longer than the rise time (approximately 1.5 ms) of the composite la EPSP recorded with intracellular electrodes in tibialis motoneurones of the cat (Eccles et al., 1957a) . However, the duration of the early period of increased impulse density was measured as the number of contiguous bins in the region of peak with contents higher than the mean of the 512 post-stimulus bins, whereas the main increases in impulse density occupied the one or two central bins of this cluster. If the duration of the peak of increased impulse density had been measured as the number of contiguous bins above the variance of the mean of the 512 pre-stimulus bins, the estimate of the rise time would be considerably . (Schwindt and Calvin, 1973) and, if the reduction in threshold during the interspike interval is approximately 5 mV (Calvin, 1974 (Calvin, , 1975 , the amplitude of the composite la EPSP in human tibialis anterior motoneurones must be in the region of 5 mV. The amplitude of the comparable composite la EPSP recorded in cat tibialis motoneurones with intracellular electrodes is 4.5 mV (Eccles et al., 1957a) .
The PSTH profile can not provide a description of the falling phase of an EPSP where the combined slope of the synaptic potential and the spontaneous membrane potential is negative (Knox, 1974; Knox and Poppele, 1977) . For this reason an alternative method of exploring the falling phase of the EPSP has been devised. A group 1 volley is interpolated after a spontaneous motoneurone discharge sufficiently early to ensure that the EPSP just fails to bring the membrane potential to threshold. If this volley is then preceded, at various intervals, by a conditioning group 1 volley, temporal summation will bring the membrane potential to threshold and the falling phase of the EPSP can be explored. Preliminary studies of this type suggest (if presynaptic variables can be discounted) that the composite l a EPSP in tibialis anterior motoneurones in man has largely decayed 10 ms after its onset. (Marsden et al., 1976) , and forearm muscles with a latency of 55-60 ms (Lee and Tatton, 1975) . The 70 ms PSTH peak is, therefore, tentatively attributed to facilitation from a long loop reflex pathway.
An IPSP appears in the PSTH as a period of reduced impulse density followed by a period of increased impulse density (Bryant et al., 1973; Knox and Poppele, 1977) . Group 1 volleys delivered to the antagonist muscle afferent nerves produced a period of reduced impulse density of appropriate latency to represent the la IPSP. This was followed by a period of increased impulse density with a peak at 97 ms. However, the combined duration of the gap and the subsequent peak is much longer than the duration of the la IPSP in cat motoneurones (Coombs et al., 1955; Araki et al., 1960) or the presumed duration of the 1 a IPSP in man (Tanaka, 1972) . Furthermore, the peak sometimes occurred without the preceding gap. The peak is, therefore, considered to be a separate facilitatory effect. This facilitation must arise from muscle afferent fibres as it was observed when group 1 stimuli were delivered to the antagonist muscle nerve, but not when they were delivered to the neighbouring skin. The latency is too long for this to represent facilitation arising from direct electrical stimulation of l b afferent fibres (Laporte and Lloyd, 1952; Eccles et al., 1957b) . Shimamura et al. (1964) described facilitation of tibialis motoneurones with a latency of 70-80 ms, resulting from stimulation of low threshold afferent fibres in the popliteal nerve in man and attributed this to spino-bulbo-spinal reflex pathways. The facilitation we observed appears to be similar.
The effects of cutaneous stimuli were not explored systematically. It is clear that noxious stimuli applied to the big toe can result in a late (84 ms) facilitation of tibialis anterior motoneurones. This may represent a long loop reflex (Meier-Ewert et al., 1972) or a spinal flexion reflex (Hagbarth, 1960; Shahani and Young, 1971; Gassel and Ott, 1973 ). There appears to be no contribution to the PSTH of tibialis motoneurones from the activation of cutaneous afferent fibres under the stimulating electrode during group 1 stimulation of the peroneal or popliteal nerves. The short latency inhibition of small hand muscle motoneurones from cutaneous afferent fibres (Caccia et al., 1973; Stephens et al., 1976) 
